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INTRODUCTION 
This document contains proposed guidelines for collecting data that are subjectively relevant for existing stages 
where symphony orchestras perform. The guidelines are based on results from my PhD thesis (Dammerud, 2009). 
In Dammerud et al. (2010) there is given a summary of the findings from this PhD study which are related to the 
relevance of objective measures. These documents are freely available online, see the More Information section on 
page 6. 
 
The scope of this document is primarily for assessing stage for symphony orchestras, but may have some 
application to other types of ensembles. It may apply to all types of venues. In fact the acoustic measures proposed 
appear most relevant for other types of performance spaces than purpose-built concert halls. The suggested 
guidelines are not complete but reflect what the particular results from the mentioned study suggest. 
 
This document contains a brief overview of limitations of current practice within stage acoustics with a description of 
proposed new alternative methods. For a background of the suggested methods and data to collect, please see the 
two references mentioned above. The suggested alternative methods are based on current practice for assessing 
concert hall stages: the use of omnidirectional transducers and without a full symphony orchestra on stage. This is 
not ideal but is the most realistic and standardised way of obtaining room acoustic responses. The relevance of 
directional information and a full orchestra present on stage is discussed in more detail in Dammerud (2009). 
 
LIMITATIONS OF CURRENT PRACTICE FOR ASSESSING STAGE ACOUSTIC CONDITIONS 
The ST measures were proposed by Gade (Gade, 1989 and Gade, 1992). These measures assess the level of 
reflected sound from any direction within certain time intervals. STearly assesses the total level within 20–100 ms, 
STlate within 100–1000 ms and STtotal within 20–1000 ms. The total level of the direct sound and the stage floor 
reflection is used as the level reference. This is measured by having an omnidirectional microphone at 1 m distance 
from an omnidirectional sound source. Both the microphone and loudspeaker should be either 1 or 1.5 m above the 
floor according to ISO 3382-1 (ISO 2009). The stage should preferably be fitted with chairs and music stands for a 
full symphony orchestra. To avoid any significant early reflections appearing before the 20 ms time limit of STearly 
and STtotal, both the loudspeaker and microphone should be at a minimum distance of 4 m from the stage enclosure. 
In addition, no chairs and music stand should be within a radius of 2 m from the loudspeaker and the microphone. 
This limitation was introduced to avoid an inconsistent reference level. 
 
The apparent major limitations of current practice proposed by Gade (1992) appear to be that only chairs are 
present on stage (no orchestra), only monophonic responses are captured and that only a source-receiver distance 
of 1 m is used. In Dammerud (2009) these measures as well as most other commonly used monophonic acoustic 
measures were compared to subjective characteristics of venues for symphony orchestras. Acoustic measures 
which assess the late acoustic response were found to be acoustically and subjectively most relevant when 
comparing to acoustic conditions with orchestra present and the musicians’ judgment of different stages. The early 
part of the room acoustic response were found to change significantly if having a full symphony orchestra present on 
stage, compared an empty stage or with chairs and music stands only. The octave bands below 250 Hz are least 
affected, while significant changes were observed at octave bands above 250 Hz. Additionally, the results indicated 
that the directions of early reflections are subjectively highly relevant. The conclusion was that acoustic measures 
like STlate and Gl (Glate or G80–∞, Strength after 80 ms of the room acoustic response) were the most relevant acoustic 
measures as long as the stage were not occupied by a full symphony orchestra. The acoustic measure G (Strength) 
uses the free-field direct sound level of the source at 10 m distance as level reference and is the most common 
measures for assessing the level of the acoustic response within the audience area of an auditorium. 
 
The subjective relevance of acoustic measures may be improved if the room acoustic measures were obtained with 
a full symphony orchestra on stage and with directional information of the reflected sound. This was not investigated 
in PhD study (Dammerud, 2009). As long such conditions are not achievable in a standardised manner, architectural 
measures appear to be very useful since they provide information which is complementary to the acoustic 
measures. 
 
With regard to which acoustic measure to prefer, the results from Dammerud (2009) showed that STearly, STlate and 
STtotal are not found to be superior to Ge and Gl in any aspects, apart from ease of obtaining the reference level in-
situ without the need for having a calibrated measuring system (like for the G measures). As mentioned above STlate 
was found most relevant, with subjective relevance at very similar level compared to Gl. STearly was found to be only 
marginally subjectively relevant, most likely caused by the direction of early reflections being ignored. 
 
Several objective disadvantages related to STearly were found when comparing to Gl: the presence of risers will affect 
the reference level for ST, making it difficult to isolate the effect of risers compared to the acoustic response from the 
stage enclosure in certain cases. Using one common reference level for assessing the audience area and the stage 
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will be an advantage. This will make it easy to compare the level of the acoustic response between theses to areas. 
For instance the difference between Gl on stage and in the stalls area may be subjectively relevant regarding an 
estimate of the perceived direction of the late acoustic response on stage. Gl will also allow any source-receiver 
distance and source and receiver positions to be used (not keeping at least 4 m from reflecting surfaces etc.). This 
means that important source locations like the percussion or brass can be used even if there is a reflecting surface 
(for instance the stage back wall) at short distance from these players. By the use of a source-receiver distance 
above 6 m, measured results are to a smaller degree affected by small deviations of source-receiver distance, 
transducer heights and source rotation relative to the receiver, contributing to increased reliability. By increasing the 
source-receiver-distance, both the subjective relevance and physical reliability appear also to be increased. In 
addition we do not need to move chairs on stage when measuring at different locations on stage to ensure that the 
radius of 2 m around the source and receiver is free from chairs (to keep the reference level consistent). Based on 
these factors and lacking subjective relevance found for STearly there appears to be no sacrifice when using 
measures like Gl, Ge, C80 and T instead of the ST measures. But for reference to previous studies using ST for 
assessing the level of the acoustic response, additional measurements can be carried out at 1 m distance for the 
source positions that comply with the 4 m requirement. 
 
ARCHITECTURAL DATA 
In the current absence of valid acoustic measures for assessing communication conditions between players, 
architectural (visual) information about the stage enclosure has been found relevant. From observations of the 
stage, one can find indications of how the acoustic conditions will be on stage with orchestra, for instance the 
direction and delay of dominating early reflections. The following is suggested: 
 
• Describe the riser system on stage, if any, including overall plan shape, riser depths and heights. 
• Describe the overall enclosure design including any design and dimension of the reflector systems if any. To 

what degree is the stage exposed to or enclosed off from the main auditorium? Are the side walls, ceiling and 
potential overhead reflector outwards sloping? What are the scattering and absorption properties of the stage 
enclosure surfaces including a potential overhead reflector? 

• Obtain the proposed architectural measures Wrs, Hrb, D, Hrb/Wrs and D/Wrs, assuming symmetrical stage 
enclosure design. See the text box on page 3 for more details. These will only provide a rough indication of 
conditions. It is important to measure the distance between reflecting surfaces for Wrs and Hrb. These measures 
appear for instance to provide some indication of the direct sound levels from instruments at the back of the 
stage and the efficiency of reflections that can effectively compensate for low direct sound levels (compared to 
competing reflections) – see Dammerud (2009), pages 80–82 for more details regarding such reflections. 

• The architectural measures proposed do not discriminate between side reflections obstructed or unobstructed 
by the orchestra on stage. Are there surfaces at the sides of the stage that are likely to provide unobstructed 
reflections for the string players? If so, what are the distances between these pairs of reflecting surfaces? 

• Is there any large reflecting surface close to the double bass that will enhance the bottom frequencies of the 
basses? 

 
ACOUSTICAL DATA 
It is here assumed the existing method of measuring with chairs and music stands on stage, using omnidirectional 
transducers. Once the room acoustic responses are obtained a large set of acoustic measures can be calculated, 
but a minimum set of acoustic measures to study appears to be Gl, Ge, C80 and T. Such measures based on 
monophonic responses are found to be highly correlated with each other, so a small set of such measures appear 
sufficient for being able to assess the mentioned subjective aspects. For comparisons with previous studies and for 
further testing of the results from the PhD project, measurements can be carried out at 1 m distance for ST in 
addition to the suggested minimum set of measurements proposed below. Measuring for ST may require a different 
set of source positions, see below for details. Measuring G at 1 m distance can also be a convenient way to confirm 
the calibrated levels, since the direct sound will here dominate (G of approximately 21 dB at 1 kHz, 1 m distance). 
 
Gl, as well as Ge, can be calculated from measured G (Strength) and clarity (C80), according ISO 3382-1:2009. 
Alternatively Gl can be estimated from measured reverberation time (T), hall volume (V) and source-receiver 
distance (r), according to Barron and Lee (1988). See Equations (1)–(3). Estimating Ge based on T and V is 
regarded as more difficult since the early part of the room acoustic response is more controlled by geometry of the 
stage enclosure. 
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PROPOSED ARCHITECTURAL MEASURES 

 
 
• Wrs (width reflecting surfaces strings) is found as the average distance between surfaces likely to reflect sound on the sides within the front half 
of the stage, where the string players normally sit. NB! This measure is often not equal to the width of the stage floor. 
 
• Hrb (height reflecting surfaces brass) is found as the average height from the average floor height between brass and string section, up to a 
reflective surface likely to reflect sound from brass (as well as percussion) instruments down towards the string section. If the main stage ceiling 
is outward sloping, Hrb is set to the maximum ceiling height on stage. Often an overhead reflector is tilted to project sound towards the audience – 
in such a case the presence of the reflector is ignored when obtaining Hrb. NB! This measure is often not equal to the ceiling height on stage. 
 
• D is found as the distance between the back end of the stage accessible to the orchestra and the average stage front. If the line defining the 
back of the stage for instance is curved, an average value is found. The distance to reflecting surface relating to D was ignored for the following 
reasons: the vertical surface behind the orchestra are in some halls made absorbing, and the space accessible to the orchestra significantly 
affects direct sound levels within the orchestra. 
 
• The ratios Hrb/Wrs and D/Wrs should also be calculated. One could potentially also study Hrb·D/Wrs, combining all the effects of Wrs, Hrb and D. 
This has not been implemented, since such a measure for instance will make it difficult to isolate the effect of Hrb from the effect of D. 
 
 
The following methods are suggested regarding acoustical data: 
 
• Measurements in the main auditorium: set the source at centre of the stage, 3 m from the stage front at 1.2 m 

height and with the microphone in the stalls area, 10–20 m from the source, avoiding seats underneath balcony 
overhangs. Put chairs on stage corresponding to a full symphony orchestra and keep the audience area 
unoccupied (and alternatively also occupied). Perform at least four measurements significantly spread within this 
area, see Figure 1 for more details. Obtain at least Gl preferably at the octave bands 63–4000 Hz (or at least 
500–2000 Hz) from measured G and C80 or estimate it based on measured T and hall volume V, using a source-
receiver distance r equal to 15 m. 

 

 
Figure 1: Suggested measurement area within the stalls area. 

 
• Measurements on stage: measure at least three paths on stage furnished with chairs and preferably also music 

stands corresponding to a full symphony orchestra. The acoustic responses on stage with only chairs and music 
stands present will not correspond to conditions with the orchestra present, but it is better than nothing (fully 
empty stage). Figure 2 shows the suggested minimum measurement paths on stage and approximate location 
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of measuring positions. The receiver positions R1 and R2 are equal to the source positions S1 and S2. S1 is 
suggested 5 m from stage middle line and 3 m from the stage front line, R2 and R3 are suggested 8.5 and 12 m 
from S1 respectively, as indicated in Figure 2. Set the source at 1.2 m and the microphone at 1 m height. At 
such high source-receiver distances the direct sound level is low compared to early reflections and it will to 
some degree assess communication across the stage as well as response from louder instruments at the back. 
Perform a total of at least four measurements. It appears beneficial to keep the relations between the source 
positions and distance relative to the stage front fixed between different stages, so differences measured 
between different stages are not due to a different set of source-receiver distances. Obtain Gl, Ge, C80, and T 
from the stage measurements. Look at values for individual octave bands 125–4000 Hz, preferably down to  
63 Hz. It will be an advantage to report the results for each individual measurement path, instead of stage 
average values only. Also obtain the difference between the average value of Gl (within 500–2000 Hz) within the 
audience area and on stage. On many stages, some or all of the proposed source positions will not be 
compatible with the ST measures: according to Gade (1992) the source must be at a minimum distance of 4 m 
from reflecting surfaces of the stage enclosure. For measuring ST, Gade’s proposed source positions (Gade, 
1989) may be used. 

 

 
Figure 2: Suggested minimum set of measured paths on stage  

and approximate location of source and receiver positions (S and R). 
 
• Study the details of the measured responses. One may discover for instance excessive reflections from the 

instruments at the back of the stage which will not be significantly obstructed by the orchestra. It will also be 
possible to check if there appear to be useful compensating reflections having a minimum delay relative to the 
direct sound which are likely to not be obstructed by the orchestra. It may be challenging to create new simple 
quantitative measures that incorporate this detailed information, but such details will still be relevant on a 
qualitative level. Figure 3 shows measured responses at the 1 kHz octave band across the stage for a wide and 
low stage enclosure (not preferred among the players) and a narrow and high stage enclosure (preferred among 
the players). The integrated responses shown in Figure 3 are based on convolving the measured impulse 
response h(t) with an exponentially decaying time response with a time constant τe, simulating the time 
integration by the ear – not based on backwards (Schroeder) integration. See Equation (4) and Dammerud 
(2009) page 109 for more details. The narrow and high enclosure shows several reflections appearing within 
10–20 ms relative to the arrival of the direct sound, at level comparable to the direct sound level. For this 
enclosure the levels after 50 ms are significantly lower compared to the wide and low enclosure. The reflections 
appearing within 10–20 ms can be useful as compensating reflections for the string players as long as the 
reflections are likely to not be obstructed with the orchestra present on stage. Additionally, the narrow and high 
enclosure shows signs of a double-sloped decay with the change of decay rate (the knee-point) occurring 
around 170 ms as indicated in Figure 3. There is no point in paying a lot of attention to details in measured 
responses on stage without the orchestra present, since the finer details are highly likely to change with 
orchestra on stage. 

 
etethti τ−∗= 2)()(               (4) 

 
• For studying the finer details of the acoustic responses it appears most appropriate to study this in scale or 

computer models where a full orchestra can be included on stage. See Dammerud (2009), chapter 6 regarding 
inclusion of a full symphony orchestra in computer models. Measured differences between different stage 
enclosure designs have been found to be more significant with an orchestra present. Model studies with the 
orchestra present therefore appear to make it easier to quantify the effect of the enclosure or the main 
auditorium, and in computer models the direction of reflections can easily be studied. The measurements from 
real stages will be useful for calibrating the models. Carrying out measurements on a fully empty stage on real 
stages will make it easier to calibrate the computer model, since it can be problematic to figure out how to 
include the effect of chairs and music stands in the computer model. It therefore appears beneficial to carry out 
a set of measurements both with and without chairs and music stands on stage. 
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Wide and low stage enclosure: Narrow and high enclosure: 
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Figure 3: Normalised measured acoustic impulse response across the stage at the 1 kHz octave band, measured with chairs only 
on stage and source-receiver distance of 9 m. The time delay is seen relative to the arrival of the direct sound. The integrated 
response, also normalised, is based on Equation (1) and τe = 10 ms. Decay rate based on integrated response is indicated. 

 
SUBJECTIVE DATA 
Some subjective assessment can easily be made by you on an empty stage: sing/play and clap on stage. Walk 
around on stage while making sound can reveal the most obvious issues. Talking/singing is not omnidirectional at 
higher frequencies which is useful to test the response in different directions. Are there any obvious discrepancies, 
for instance regarding the perceived level of acoustic response? One can already get an impression of acoustic 
support and potential echoes (most relevant for soloists) by making own sound on empty stage, even though this will 
only be on a qualitative level. It is important to be aware of the limitations of such a method: the effect of echoes for 
the musicians within the orchestra will depend on the instrument played and the orchestra can mask many of them. 
The masking effects provided by the stage enclosure that is likely to affect the perceived balance between different 
instruments will not be discovered by such a soloist performance on stage. 
 
Subjective data from the players should be collected from any type of stage performed at. But when comparing 
judgments of different stages, the following points appear important to be aware of: 
 
• When assessing the subjective impressions of different stage enclosures in venues with a lacking or excessive 

acoustic response, results indicate that the subjective halo effect can lead to the players having negative 
associations to the stage enclosure which in fact are not necessary linked to the stage enclosure. It appears 
important to only include venues where the level of the acoustic response provided on stage by the main 
auditorium is suitable for a symphony orchestra. A lacking or excessive acoustic response from the main 
auditorium can be discovered from comments made by the players or from measured or estimated Gl in the 
audience area, see Dammerud et al. (2010) for more details. 

• It is difficult for the players to establish solid subjective impressions for venues they have only played in 
occasionally. Additionally, for home venues the subjective impressions may be misleading (not having general 
validity) due to the players having adapted to the specific conditions over years of performances. It appears 
important that judgements are based on experiences over a large number of performances. Preferably the 
players should also perform regularly in other venues so they have a valid reference for their impressions. 
Relative differences between a set of venues judged by the same players are likely to be more valid compared 
to differences between different studies. 

• The players appear to struggle with being able to link cause and effect regarding acoustic conditions. They can 
mainly report on the musical effects implied by a specific venue, but are not able to give an explanation for why 
the experienced effects occur. This appears to relate to their artistic/musical focus during performances. By 
detailed discussions with the players it can be easier to understand which objective conditions are linked with 
the musical effects the players experience. 
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For questionnaires surveys or qualitative discussions with the musicians, the following factors appear relevant: 
 
Fact related: 
• Instrument played. 
• Years of experience. 
• Approx. number of times played on the relevant stage. 
• Number of other halls performed in on a regular basis. 
• Typical position on the stage. 
• Orchestra arrangements normally being used (American, German). 
• If being on a riser, on which riser level? 
• Using screen against sound from other instrument(s) a close vicinity? 
 
Experiences and perceptions: 
• Sense of acoustic communication with the main auditorium (‘projection’). 
• Sense of reverberant response (‘bloom’ or ‘resonance’). 
• Ability to hear all the other players clearly. 
• Instruments which typically become too loud. 
• Instruments you are typically struggling to hear. 
• Disturbing delays. 
• Timbre related to one’s own instruments or the orchestra sound. 
• Ease of playing dynamics. 
• Background noise. 
• Positive aspects of the acoustic conditions. 
• Negative aspects of the acoustic conditions. 
• Other comments. 
• Overall acoustic impression, OAI. It appears most appropriate to ask about overall impressions at the end of the 

questionnaire/discussion, so the musician can describe different aspects of the acoustic conditions on stage 
without already having an overall conclusion in mind (the so-called ‘halo effect’). 

 
More details regarding the specific design of questionnaires etc. are not covered in this proposed guideline. 
 
MORE INFORMATION 
Visit http://stageac.wordpress.com for available documents related to the PhD project (thesis and conference 
papers), spreadsheets for calculating Gl, contact details and more. 
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